GRP78/Bip is a molecular chaperone in the endoplasmic reticulum (ER) induced by ER stress that promotes protein folding and has an important role as a survival factor in solid tumors by providing resistance to both chemotherapy and hypoglycemic stress. 1 Thus, specific downregulators of GRP78 expression can reasonably be expected to become promising drugs in cancer chemotherapy. 2 In the course of our screening program for downregulators of GRP78 expression, we have isolated versipelostatin A-F, 3-11 prunustatin A, 12,13 JBIR-04, -05 14 and JBIR-06. 15 Further screening resulted in the isolation of a new inhibitor designated as JBIR-52 (1, Figure 1 ) from culture of a JBIR-06 producer, Streptomyces sp. ML55. 15, 16 In this paper, we report the isolation, structure elucidation and brief biological activity of a new member of antimycin, 1.
Research Institute, Tokyo, Japan) with 60% CH 3 CN-H 2 O containing 0.1% formic acid (flow rate, 9.5 ml min À1 ) to yield 1 (1.7 mg, retention time (Rt) 28.0 min) and JBIR-06 (2.3 mg, Rt 37.0 min).
Compound 1 was obtained as a white powder ([a] D +40.0, c 0.07, 29 1C in MeOH, UV (MeOH) l max (e) 225 (22 500), 336 nm (4050)). The IR spectrum of 1 revealed the characteristic absorptions of esters (n max 1750, 1280 cm À1 ), amide (n max 1645 cm À1 ), hydroxyl and/or amide NH (n max 3400 cm À1 ) groups. The HR electron spray ionization MS spectrum of 1 gave the (M+H) + ion at m/z 549.2429 (calcd. for C 27 H 37 N 2 O 10 , 549.2448) consistent with a molecular formula of C 27 H 36 N 2 O 10 . Direct connectivity between protons and carbons was established by the heteronuclear single quantum coherence spectrum and the 13 C and 1 H NMR spectral data for 1 are shown in Table 1 . The observed double-quantum-filtered (DQF)-COSY and constant time heteronuclear multiple bond correlation (HMBC) 17 spectra established four partial structures.
The sequence from an oxymethine proton 2-H (d H 5.46) to 11-H (d H 1.64), which in turn coupled to two methyl protons 12-H (d H 0.95) and 13-H (d H 0.94), through 10-H (d H 1.84, 1.72) in the DQF-COSY spectrum established a 3-methyl-1-oxybutyl moiety. A doublet methyl proton 27-H (d H 1.33) and a low-field shifted methine proton 9-H (d H 3.32), which were spin-spin coupled to each other, were each long-range coupled to an ester carbonyl carbon C-8 (d C 170.2) and a ketone carbonyl carbon C-1 (d C 202.1), which in turn long-range coupled to 2-H and 10-H. These HMBC correlations indicated the successive connectivity of C-2, C-1, C-9 and C-8 as shown in Figure 1b . Thus, a 2,6-dimethyl-3-oxo-4-oxyheptanoic acid moiety was elucidated as a partial structure of 1 (Figure 1b Figure 1b ) and the UV spectrum of 1 also suggested the existence of the 3-(formylamino)-2-hydroxybenzoyl moiety, which is the same chromophore as those of the antimycin-related compounds. [12] [13] [14] [15] The sequence from an amide proton 6-NH (d H 7.10) to a methyl proton 26-H (d H 1.38) through an a-methine proton 6-H (d H 5.29) and an oxymethine proton 7-H (d H 5.60) was observed in the DQF-COSY spectrum of 1. In addition to these correlations, the long-range couplings from the methine proton 6-H to a carbonyl carbon C-5 (d C 168.8) and the amide carbonyl carbon C-18 were observed. These results established a threonine residue and its connectivity with the chromophore moiety.
The remaining substructure was also determined by the interpretation of 1 H-1 H spin couplings and 1 H- 13 (Figure 1b) . The connectivity of these partial structures was elucidated by the long-range couplings between 2-H and C-3, 4-H and C-5 and 7-H and C-8. In this manner, the planar structure of 1 was determined as shown in Figure 1 . JBIR-52 is structurally related to JBIR-06 in which the dimethyl residue is replaced by a methyl residue at the position of C-9.
To evaluate the inhibitory activity of 1 against GRP78 expression induced by 2-deoxyglucose as an ER stress, we used reporter gene assay system utilizing luciferase gene described previously. 5 The human fibrosarcoma HT1080 cells transformed with the luciferase reporter gene driven by the GRP78 promoter when treated with 10 mM of 2-deoxyglucose, produced four times more luciferase than did the untreated control. In this evaluation system, 1 reduced the expression of the reporter gene with an IC 50 value of 137 nM, which is almost the same as that of JBIR-06 (IC 50 value, 262 nM 14 ). Contrary to the weak activity of 12-membered macrocyclic derivatives, 15-membered macrocyclic derivatives such as prunustatin A showed more potent activities (IC 50 values, 1.9 nM 12 ). It has been reported that GRP78 protects epithelial cells from ATP depletion. 18 These results suggested that the coordinate action of ER and mitochondrial respiration exerts protective action against both ER and mitochondrial stress. Hence, the activities of GRP78 suppression by these compounds were considered to depend on respiratory inhibition due to salicylic JBIR-52, a new antimycin-like compound I Kozone et al acid moiety. 14 These results provide us the interesting information that the size of macrocyclic structure determines the inhibitory activity of GRP78 expression by salicylic acid function. Studies in the detailed biological activities are now underway.
